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There is substantial evidence from both healthy populations as well as individuals with cancer linking

psychological stress with immune downregulation. This discussion highlights natural killer (NK) cells,

because of the role that they may play in malignant disease. In addition, distress or depression is also

associated with two important processes for carcinogenesis: poorer repair of damaged DNA, and

alterations in apoptosis. Conversely, the possibility that psychological interventions may enhance

immune function and survival among cancer patients clearly merits further exploration, as does the

evidence suggesting that social support may be a key psychological mediator. These studies and others

suggest that psychological or behavioural factors may in¯uence the incidence or progression of cancer

through psychosocial in¯uences on immune function and other physiological pathways. # 1999 Elsevier

Science Ltd. All rights reserved.
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INTRODUCTION

Several lines of research suggest that psychological or

behavioural factors can in¯uence the incidence or progression

of cancer [1±6]. In this paper, we ®rst brie¯y review psycho-

neuroimmunology (PNI) research involving healthy individ-

uals and then discuss how these data may have relevance to

cancer. Next, we describe evidence suggesting that distress or

depression is associated with three important processes for

carcinogenesis: poorer repair of damaged DNA, an increase

in the frequency of sister chromatid exchange (SCE) and

alterations in apoptosis. Finally, we focus on data from can-

cer patients, and the implications for cancer progression and

treatment.

Our discussion of stress-related immune changes will

highlight natural killer (NK) cells, because of their impor-

tance for cancer. NK cells play an important role in a variety

of immune functions, including defence against viral infec-

tions [7] and surveillance of tumour cells [8]. Cytokines

such as recombinant interferon-gamma (rIFN-g) and

recombinant interleukin-2 (rIL-2) can enhance NK cell and

lymphocyte-activated killer (LAK) cell cytotoxicity, respec-

tively, in vitro [8]. However, NK cell cytotoxicity can be

downregulated by stress, presumably through neuroendo-

crine mechanisms [5, 9±11]. In addition, there is evidence

that stress can modulate IFN-g and IL-2 synthesis by mito-

gen treated peripheral blood lymphocytes (PBLs), and stress

can also inhibit the response of NK cells to rIFN-g and

rIL-2 [12, 13].

Before reviewing the evidence regarding stress-related

immunological changes, it should be noted that one recurrent

condition in the literature is the question of the signi®cance of

the immune system for cancer. The best evidence suggests

that there may be considerable variability related to diVerent

types of cancer: immunological defences appear more

important for some types than for others. Moreover, sup-

porting the `immune surveillance' theory [8], there is evi-

dence that subjects who are immunosuppressed (either

through pharmacological means, or via immunode®ciency

diseases) have an increased risk of cancer [14]. Additionally,

some researchers have questioned whether stress-related

immune changes are of either the type or magnitude to

in¯uence tumour growth and metastases [3, 14]. While such

issues are beyond the scope of this paper, studies involving

both animals and humans suggest that NK cells are particu-

larly important in the elimination of metastatic tumour cells

[15, 16].
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STRESS AND IMMUNOLOGICAL CHANGE

Data from prospective studies suggest that even common-

place stressful events are associated with transient decrements

in a number of immunological functions. For example, sig-

ni®cant declines in NK cell activity were found in blood

samples obtained from 75 medical students on the day of

®nal examinations, in contrast to baseline samples collected

during a lower-stress period 1 month previously [17]. The

drop in NK cell activity was replicated in two additional

medical student samples [9, 18].

The magnitude of change in the immune response to

stressors is sometimes dramatic. For example, the production

of interferon by lymphocytes stimulated with concanavalin A

(Con A) plummeted from a mean of 2000 m/ml at baseline to

80 m/ml during ®nal exams in blood samples from 40 second-

year medical students, a ®nding subsequently replicated

across several exam. series [19]. Interferon is a major regulator

of NK cells, stimulating their growth and diVerentiation, as

well as enhancing their ability to destroy target cells [20].

A further study tested the hypothesis that a stress-reducing

intervention might enhance immunity. Among 45 older

adults who were randomly assigned to one of three protocols

(relaxation training, social contract or no intervention),

relaxation subjects showed a signi®cant enhancement in NK

cell activity at the end of the 1-month intervention with con-

comitant decreases in distress-related symptomatology, in

comparison with non-signi®cant changes in the other two

groups [21]. These data provided the ®rst well-controlled

demonstration of immune enhancement via a behavioural

intervention.

Several subsequent studies have also suggested a link

between personal relationships and NK cell cytotoxicity,

consistent with the broad literature on social support and

health [22]. For example, bereaved spouses had elevated

cortisol and decreased NK cell lysis [23]. Lonelier medical

students had lower levels of NK cell activity than their con-

temporaries who were less lonely [17]. Among spouses of

cancer patients, those who reported lower levels of social

support had lower levels of NK cell cytotoxicity [24]. In a

study of newlywed couples, those who were more negative or

hostile during a discussion of marital problems with the

spouse showed greater downward change in NK cell activity

24 h later [25]. Irwin and colleagues [26] investigated the

consequences of a chronic stressorÐcaregiving for a spouse

with Alzheimer's diseaseÐon sympathetic nervous system

activity and NK cell cytotoxicity. Plasma levels of neuropep-

tide Y (NPY) were signi®cantly elevated in older caregivers

compared with older controls, and NPY was negatively cor-

related with NK cell activity among caregivers; however,

caregivers and controls did not diVer in terms of NK cell

activity.

In a further study, we examined diVerences among current

caregivers of spouses with dementia, former (bereaved) care-

givers whose spouse had died and non-caregiving controls

[12]. Although an average of over 2 years had elapsed since

bereavement, former caregivers did not diVer from continu-

ing caregivers on depressive symptomatology or perceived

distress; however, both groups were signi®cantly more

depressed and reported more stress than control subjects.

Consistent with Irwin and colleagues [26], we found no dif-

ferences in NK cell cytotoxicity between either the continuing

or former caregiver groups and control subjects in the ability

of their NK cells to respond to rIFN-g or rIL-2 in vitro: both

caregiver groups had a signi®cantly poorer response than

controls.

The NK cell cytotoxicity of the continuing and former

caregivers was highly skewed towards low responding (i.e.

responding below the median for the population) following

stimulation with either rIFN-g or rIL-2 [12]. Caregivers

whose NK cells were less responsive to both cytokines repor-

ted signi®cantly less positive social support, less emotional

closeness in their social contacts and more physician visits for

infectious illness symptoms, compared with caregivers whose

NK cells were good responders to at least one cytokine.

Although our former caregivers could still be de®ned as

compromised in the response of their NK cells to cytokine

stimulation even 2 years post-bereavement, there may be

eventual recovery; caregivers who had been bereaved for

longer periods of time had NK cells that responded better to

both cytokines.

A follow-up study using cell preparations enriched for NK

cells (approximately 90%) replicated the previously observed

group diVerences between caregivers (current and former)

and controls [13]. In addition, higher levels of social support

were associated with heightened NK cell responses to cyto-

kines, independent of the level of depression.

Even though we have reviewed only a fraction of the rele-

vant studies, it is clear that stress can alter NK cell activity in

normal populations. Stress can also depress the ability of NK

cells to respond to the cytokines necessary for eVective cell

killing of appropriate tumour or virally infected cells. We

focused on NK cells because of their cancer relevance, but it

should be noted that a large number of other potentially

relevant immunological activities are also adversely aVected

by psychosocial stress [27]. Thus, these data suggest that

stress can alter a potentially important defence against

malignant disease.

STRESS AND CARCINOGENESIS

While most of the human research linking stress to carci-

nogenesis has focused on immune function, there are also

alterations in other cancer-relevant processes. Most carcino-

gens appear to induce cancer by damaging the DNA in cells,

thereby producing mutant cells [28]. The body's defences

include enzymes that destroy chemical carcinogens, processes

for identifying and repairing damaged DNA and the destruc-

tion of mutant or unrepaired DNA by the immune system

[29]. The processes for repair or destruction of damaged

DNA are critical, since faulty DNA repair is associated with

an increased incidence of cancer [28].

The possibility of a linkage between emotional distress and

DNA repair was explored in work using blood samples

obtained from 28 non-psychotic, non-medicated new psy-

chiatric admissions and 28 age- and gender-matched blood

bank controls [30]. Following exposure to X-radiation, the

lymphocytes from psychiatric patients demonstrated a

reduced ability to repair damaged cellular DNA relative to

controls. In addition, within the inpatient group, those

patients who were more depressed showed signi®cantly

poorer repair of damaged DNA than their less depressed

counterparts.

In a further study exploring the possibility that stress

would impair one component of the DNA repair process, 45

rats ingested the carcinogen dimethylnitrosamine, and half

were assigned to a rotational stress condition [31]. The levels

of methyltransferase, an important DNA repair enzyme
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induced in response to carcinogen damage, were signi®cantly

lower in stressed animals' splenic lymphocytes, as compared

with splenic lymphocytes obtained from the control rats.

Thus, consistent with the depression-related de®cits in DNA

repair found in psychiatric patients, these data also suggest

that stress may alter the DNA repair process.

It is important to consider the stress-related DNA repair

de®cits in light of the previously discussed stress-related

decrements in NK activity. Taken together, these data suggest

that stress might have direct eVects on carcinogenesis through

alterations in DNA repair, as well as indirect eVects through

the poorer destruction or elimination of abnormal cells.

Data from a study with rats show that several diVerent

types of stress can induce sister chromatid exchange (SCE) in

bone marrow cells [32]. Rats were stressed using cold and

warm water swim stress and inescapable foot shock. All

stressors induced a signi®cant increase in the frequency of

SCE. These data are consistent with our data on stress and

DNA repair [30, 31]. There is evidence that SCE frequencies

are linked to an increased incidence of cancer [33, 34].

A subsequent study showed that examination stress altered

another process relative to carcinogenesis. Apoptosis is a

process of genetically programmed alterations in cell struc-

ture that leads to failure of proliferation and diVerentiation

and eventual cell death. Induced by a variety of toxic insults

including growth factor deprivation and ionising radiation,

apoptosis is thought to function to protect against the

appearance of heritable phenotypic changes in cells, and may

be a critical factor in normal cellular immune function.

Using the same academic stress paradigm described

earlier, Tomei and coworkers [35, 36] showed that the

tumour-promoting phorbol esters were able to block ionising

radiation-induced apoptosis in vitro. In a follow-up study, we

showed that low concentrations of the tumour-promoting

phorbol ester, 12-0-tetradeconoyl-phorbol-13-acetate (TPA),

speci®cally blocked apoptosis in peripheral blood lympho-

cytes (PBLs) induced by ionising radiation and that stress

enhanced this process [37]. The PBLs obtained from medical

students at the time of examination (as compared with PBLs

obtained at two baseline low stress periods, that is before and

after the examination) survived treatment with TPA and

radiation. Apoptosis was blocked, cellular DNA fragmenta-

tion was inhibited, and PBLs survived with a signi®cant

increase in total cellular DNA. If stress can induce similar

changes in apoptosis in the body, the survival of cells with

abnormal levels of DNA could increase the risk of the devel-

opment of malignant cells.

These alterations in apoptosis provide additional evidence

of pathways through which psychological stress could con-

tribute to increased cancer risk by modifying cell responses to

environmental factors such as tumour promoters and onco-

genic viruses [38]. These physiological changes could operate

independently and/or in conjunction with the stress-induced

immune downregulation described earlier, particularly the

decrements in NK cell lysis [9, 17, 39]. This is especially

pertinent since it has been demonstrated that target cell death

requires gene expression and initiation of apoptosis.

Control of the expression of apoptosis is critical to the

function of several cell types, including the target cells of

cytotoxic eVector cells [40]. Therefore, the inhibition of the

expression of apoptosis could result in suppression of

immune function. If these interpretations are correct, then

psychological distress could ultimately lead to progressive

accumulation of errors within the cell genome, reduced

immune competence and increased risk of environmentally

associated malignant and infectious diseases. The mechanism

linking the physiological changes induced by stress and the

observed changes in DNA repair, apoptosis and sister

chromatid exchange is not known. Since the hypothalamic±

adrenal±pituitary axis and the autonomic nervous system are

activated by stress, it is possible that one or more `stress'

hormones may mediate these responses.

PSYCHONEUROIMMUNOLOGY: IMPLICATIONS

FOR CANCER PROGRESSION AND TREATMENT

Research that has attempted to link psychosocial stressors

with tumour development or progression has faced many

obvious diYculties [1]. For example, stage of disease can

have a profound eVect on how patients feel, and cancer

treatments such as chemotherapy and radiation are associated

with a number of side-eVects, including immunological

alterations.

One obvious area of interest is the possibility of in¯uencing

the course of cancer through behavioural interventions.

Properly designed intervention studies provide a powerful

tool for examining psychosocial factors. By random assign-

ment of patients who have the same kind of stage of cancer to

control and intervention conditions, researchers can assess

psychological, immunological and disease changes.

Following the initial demonstration of behaviourally medi-

ated immune enhancement among older adults [21], a num-

ber of researchers have con®rmed our ®nding that stress-

reducing interventions can improve immune function [41].

One of the best studies in this area evaluated both the

immediate and longer-term eVects of a 6-week structured

group intervention that consisted of health education,

enhancement of problem-solving skills regarding diagnosis,

stress management techniques such as relaxation, and psy-

chological support [42, 43]. The patients had stage I or II

malignant melanoma, and they had not received any treat-

ment after surgical excision of the cancer. Noteworthy eVects

included reduced psychological distress and signi®cant

increases in the per cent of NK cells, as well as an increase in

NK cell cytotoxicity, compared with controls.

A 6-year follow-up of these patients showed a trend

towards greater recurrence, as well as a signi®cantly higher

mortality rate in the control group than in intervention

patients. The group diVerences remained signi®cant after

adjusting for the size of the initial malignant melanoma

lesion, a key risk factor.

Consistent with results of the intervention study with mel-

anoma patients, Spiegel and colleagues [44] showed that a

year of weekly supportive group therapy sessions with self-

hypnosis for pain was associated with extended survival time

in women with metastatic breast cancer. It is not known if

these data re¯ect immunological alterations that in¯uenced

the course of the cancer, and a number of other interpreta-

tions are plausible. As the authors note, patients in the inter-

vention condition could have been more compliant with

medical treatment, and/or they might have had better health

behaviours such as exercise and diet. Such behavioural dif-

ferences could contribute to the observed outcome.

One particularly intriguing study suggests that immuno-

suppression may be conditioned in association with chemo-

therapy. Work by Bovbjerg and colleagues [45] assessed

proliferative responses of PBLs to T cell mitogens in women
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receiving chemotherapy for ovarian cancer. Comparisons of

data obtained at home several days before a scheduled treat-

ment showed greater lymphocyte proliferation when com-

pared with samples drawn in the hospital just prior to the

treatment, even after controlling for increased activity. Con-

sistent with the interpretation of the process as conditioned

immune suppression, patients also demonstrated an increase

in conditioned nausea prior to treatment.

Other researchers have linked stress to poorer immune

function in cancer patients whose immune systems are

already aVected by disease. Among 116 women recently

treated surgically for invasive breast cancer, greater stress

(assessed via a self-reported measure of intrusive and avoi-

dant thoughts and behaviours related to cancer) was asso-

ciated with lower proliferative responses of PBLs to mitogens

and to a monoclonal antibody against the T cell receptor [2].

Importantly, stress was also related to lower NK cell lysis, as

well as diminished responsiveness of NK cells to rIFN-g.

Earlier studies from Levy and Herberman and colleagues

[4, 5] had shown that three variables accounted for 51% of

variance in baseline NK cell activity among women with

breast cancer: patient `adjustment', lack of social support and

fatigue/depressive symptoms. On reassessment of NK cell

activity after 3 months, the investigators found that they

could account for 30% of the variance on the basis of baseline

NK cell activity, fatigue/depression and lack of social support.

Most importantly, NK cell activity remained markedly lower

in patients with positive nodes than in patients with negative

nodes, that is average levels of NK cell activity were lower for

patients with greater tumour burden. Even though neither

radiation nor chemotherapy appeared to be related to sub-

sequent NK cell activity, tumour burden was again associated

with NK cell activity.

Additional data collected from breast cancer patients were

consistent with evidence described earlier linking NK cell

activity with social support in healthy individuals [46].

Among women with stage I or II cancer, higher NK cell

activity was associated with the perception of high-quality

emotional support from a spouse or signi®cant other, per-

ceived social support from the patient's physician, oestrogen-

receptor negative tumour status, having an excisional biopsy

as surgical treatment, and actively seeking social support as a

major coping strategy.

In summary, there is substantial evidence from both heal-

thy populations under stress as well as individuals with

cancer-associated psychological stress for immune down-

regulation. Stress may also enhance carcinogenesis through

alternations in DNA repair and/or apoptosis [30, 31, 37].

Work by Bovbjerg and colleagues [45] suggests classical con-

ditioning of immune suppression during chemotherapy, an

important arena for further research. In addition, the possi-

bility that psychological interventions may enhance immune

function and survival among cancer patients clearly merits

further exploration [42, 43], as does the evidence suggesting

that social support may be a key psychological mediator.

These studies and others suggest that psychological or beha-

vioural factors may in¯uence the incidence or progression of

cancer through psychosocial in¯uences on immune function.
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